ABSTRACT. The well known "SLAC Electron Trajectory Program" (EGUN) has been ported to PCs and has been developed into a family of programs for the design and the optimization of particle optics devices including electron and ion guns, beam transport sections and collectors. We will discuss the application of these tools for the design and the optimization of the essential parts of EBIS/T devices. The discussion will include conditions in which restrictions in the reliability of simulations may occur due to the mathematical modeling and how to overcome them.
INTRODUCTION
The electron beam formation, its focusing properties and the expansion and spreading of the beam over the collector surface need reliable tools for the design of magnetic shielding of solenoids as well as for the calculation of electron trajectories under the influence of electric, magnetic and self fields. This knowledge, acquired over many decades for the design of traveling wave tubes (TWTs), Klystrons, and gyrotrons has resulted in professional software, used in industry as well as in accelerator laboratories around the world. The anchestor of the family of simulation tools is EGUN [1, 2, 3, 4] , a finite difference Poisson solver, combined with a relativistic ray tracing routine, taking into account the magnetic field of the beam itself and the space charge of the beam.
Numerous options became incorporated with time and today there is hardly to find an application, which cannot be simulated with this 2D rectangular and axisymmetric simulation program.
After porting of the program to PCs, giving the name EGN87c, adequate graphical software became necessary. Also the program POLYGON [5] made it much easier to set up boundaries for EGN. For the calculation of static magnetic fields without saturation, the boundary element program INTMAG [6, 7] Adding 1000 to the potential number is a signal to POLYGON to insert a circle of radius 2 and center r=12.3, z=26 between points with r=10.3, z=26 and r=13, z=28. Then we see the electrode number changing from 4 to 2 at r=13, z=31. POLYGON will insert Neumann boundary points here automatically. Finally the first point is reached again, which is a signal to POLYGON that the boundary is closed and input complete.
POLYGON syntax has several features to ease the input of complicated boundary shapes, however, even simpler is the input and the modification of existing input files by GPED, which is a dedicated CAD system with interactive graphics for POLYGON syntax files.
As a result of running POLYGON with the above input file, an input file for EGN2W is obtained, which produces the plot of trajectories and equipotential lines as shown in Fig. 2 . Clearly, this is an immersed field gun with a rippling beam after compression in the increasing magnetic field. By axially shifting the magnetic field against the electrostatic electrode part, the ripple can be minimized. This is facilitated by POLYGON: No new magnetic field interpolation will be needed, a single variable defines the axial displacement between the INTMAG and the EGN2W coordinates.
CALCULATION OF MAGNETOSTATIC FIELDS
The MEDEBIS magnetic configuration has become quite complex, more with each step of refinement. It now consists of a short normal conducting solenoid, 3 pancakes, 3 iron discs and one solid cylinder of µ-metal to shield the flux lines to be perpendicular [12] to the cathode and another one, made of soft iron to shield the electron collector. The input file to INTMAG for the MEDEBIS magnetic circuit is given by 
